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Method and Svstem for Controlling Transmit Power of Network Nodes 
TECHNICAL FIELD 

5 The present invention relates to a method and system for controlling 

the transmission power of network nodes in a data communications network. 

More particularly, the present invention relates to a method and 
system for controlling network node transmit power levels which can be integrated 
with a method or system for compensating for signal propagation delay, and which 
10 is of particular use in a data communications network where accurate power 
control and time synchronisation is required. 
BACKGROUND OF THE INVENTION 

Data networks can be classified in many ways, but for the purpose 
of the present invention, it is useful to : classify them by their means of accessing 
15 the medium over which data is communicated. The relevant classifications are 
broadcast and non-broadcast 

An eratihgtj^e "of data ne^ uses broadcast 

medium access. All. network. nocjes. sharing the network medium hear all traffic 
v ; . being passed over the medium v Traffic is directed to individual network nodes via 
20i. physical layer addresses that arcattached to the data packets being sent over the 
medium. When multiple network nodes attempt to transmit data simultaneously, 
there is the possibility for contention among the nodes . for access to the. medium! 

M A modification to the broadcast network is the broadcast network 
with hidden terminals. In this! network, all terminals share the same medium, 
25. v however it cannot be guaranteed 'that all terminals can hear each other. All that can 
be, guaranteed is that all terminals can- hear the central .network node, referred to 
herein as the access -point* Fortius- reason, it is not enough for each terminal 
simply to monitor the channel^ order to detect contentions. Feedback on success 
. or failure of network contention *nust also be communicated back to the network 



WO 00/59130 PCT/CB00/01054 

2 

terminals by the access point. ■ \; 

In contrast to the above, in a non-broadcast network, the medium 
that connects. a network node to the rest of the network can. only be accessed by 
two devices: the -network node : itself, and "the network switch to- which it is 
5 attached. Ti^t medium. itself is full: duplex, so:there i is tqo possibility for Contention. 

, A variation on the contention .broadcast network is the time slotted 
.. network. In such . a network fixed time slots are assigned to; all nodes of the 
network, and die transmissions of each node are restricted to. its^pahieular assigned 
time slot. An example v of such an arrangement of the prior art would be a Time 
10 Division Multiple Access (TDMA) network. . < ■ 

Such networks are often deployed in cellular configurations; In such 
configurations, each cell consists of a central access point ancLmultiple : ^ubseriber 
terminals, and subscriber terminals communicate, only to the central access point, 
making the network a point - multipoint architecture. A problem can arise due to 
15 the fact that as terminals may be located anywhere within, the coverage area of the 
cell, then if each subscriber terminal transmitted with, a fixed transmit power,- the 
... „sig&akfrom.each^ub$eribe^ 

varying power levels, due to the different, free space -path- loss (FSPL) <each : signal 
would encounter. In order to overcome-this problem, the access point receiver can 
20 use Automatic Gain Control (AGC) and a wide dynamic range receiver to receive 
each burst However, this requires a long period of energy at the front of each 
upstream burst, used stricdy for AGC loop stabilization-th^refore reducing channel 
efficiency. An alternative power control scheme i$ to rise the access point receiver 
to measure the received* signal strength from each: subscriber terminal, then send 
25 a power control message to each fcetwbrk Iferminai to increase of decrease its 
power. However, this alternative scheme suffers 1 &6th dlosed loop dynamics, plus 
reduces network bmdwidth-effficiency glighitiyv li also suffers froth startup pbwer 
.coirirol loop transient^; since the first time the st^ 

notyet received any power control iirformatiorir c : !t " ? ■ ' : v ' lj 
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SUMMARY OF THE INVENTION - • 

The method and system of open loop power control of the present 
. : invention. improves .upon the above described schemes by using the following 
principle. In .the present invention; the power 'level' v 6f ;: the downstream burst 
5> . : ;; arrivjiTig from. the; iaccesspoinftKlm 

* ^ .. pow^r -Oifrthe setwork subscriber (terminal; before the subscriber terminal has ever 
; • first l^osmittecL The present invention is therefore tipeifclobp, and does not suffer 
^ : frQiji qlosed loopdynamics: ^ ™ ( ;a 1 " r; - ■ 

\ , . < According ttolthS present invention, there as pro videid a method of 
10 v transmission power control for use in' a data communications network comprising 
a central eonttol nodeLahd at^least one remote subscriber node, said method 
: comprising the. steps of:- ; ;^ - - ^ - 

• > ?: , a) y transihitting a first signal from the central control node to the 

. gemote subscriber node; • : ^ * 
15 r/v: j . . . ; ? b) - *.mea5Biring:a r received ^ower level of the first signal received 

,;; at$he remote subscriber. nod€;and ; 
. _ .-.^ .:.-cX.-i _iisetting:a,tratis^ 
( . in response to the received power- level ; ' 

wherein the transmit power level of the remote subscriber node is 
20# v set /before the remote subscriber node has transmitted any signals onto the 
network, whereby said method is an ope 
.;% . . , Tliefnqthod:S.teps„may be continuously .repeated in order, allowing 

, for the transmit power le^ej |he subscriber node to be> continuously controlled. 
, : , .The first dflt&ppstipn may^ftulher eontam 
25^, : .:anjitl^ 

m. ; K \~ - - ; , . • , ; . Jhc setting- step roay further contain the steps of using the.received 
. . ppwer leyel a$ inc^x into, a Ipp^-up table, of traiismit power attenuator values; 
se|ecting;fr^m^ attenuating the transmit power level 

by the selected attenuation valq^,, i i k ;. .-viw— 
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All data traffic on the network may be, regulated per unit time frame 
by the central" control node. 

' > The method of the present invention may be used in combination 
with any one of or a combination of a.method of compensating for, baseband delay 
5 or a method of comperoatingfor signal propagation delay between network nodes. 

• From another aspect, the present iny^tion.fiirAe^ provides a system 
for controlling transmit power levels for use ii^ aetata, coran^catipns network 

.comprising a central control node and at jeastpng : remote, subscriber node, said 
system comprising:- . r; . 

10 a) transmission means for transmitting a first signal from said 

central control node to said remote subscriber; node.; : . ; 

b) measurement means for measuring, a received power level of 
the first signal received at the remote. subscriber no 

c) setting means for setting a : transmit power level of the remote 
1 5 subscriber node in response to the received, power level; 

wherein, the setting mean$ set the transmit power level of the remote 
subscriber node~before*e-remote subs 
the network, whereby said system is an oper*-loop system. 

• Each of the system means may repeat their respective operations in 
20 order, allowing the transmit power level of the subscriber node to be continuously 

controlled. 

, The first signal may contain a known data sequence, and the signal 
power of the known data sequence is measured,, 

. The setting mea^s.miay further comprise: indexing means for using 
25 the received power level as an index ^into aJook-up.tal>le of transmit power 
attenuator values; selection means for selecting the indexed power attenuator value 
from the look-up table;, and-attenuation meatus for attenuating the transmit power 

level by the selected attenuation value, ,;.,,}..„„.„ .,;.,.:,,.,.„.....,'.... 

Any data traffic on the network may be regulated per unit time frame 
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by the the central cdnfrol node. '■■ 

The system of the present invention may he used; in combination 
' •• with any one of of a combination of a system for compensating baseband delay or 
- a system for compensating foVslgrial propagation delay between network nodes. 
5 i • J''-; -it is ariadvaritkge of the presenismventionitt that, because it is not 
clo : sia ); iobpV'W'cdntf6TOetft^'is -instantly -stable; Moreover, because the 
' •" '^scriijer'^rrhiny me&uieVthe received signal. power. of a downstream burst 
fefore '^ 'initial transients -.in the power control 

scheme. The first time the subscriber terminal trarismits - : it .does so at the proper 

10 "" power level. ' " : - i! 

It is anothW aHVarftage that the present invention measures the 

; " - received'signal po^ bfa s^-wMchWouldm.ai^case be required for network 

5 signalling, thereby aUdwing 'power control to be achieved without adversely 

affecting bandwidth efficiency. 

It is a further advance that because the subscriber terminal 
measures the received powerlin each downstream burst; it is capable of tracking 
rapid changes in signal propagatioii: ' 

m addition to the above, there is another advantage that the access 
point's tolerance of adjacent channel interferes isimproved, since A/D dynamic 
range in the receiver is not spent on accoihmoclarihg wide variations in received 
signal power. 

' Furme'rmore; 'since 'the network teniiirial dynamically tracks the 

signal propagation condrtion^/ rxansmit power of the network terminal can be 
maintained attteminm^ acceptable error rates at the access point. 

This enables efficient power usage at the network tenninals>hich enables battery 
powered tennmals,'and maSdmises b ' • 

:i ; ' , J ! •' ; ; Fmaliy^VSa ieamre df the present invention that power estimation 
may be done quickly enough to track dynamic fading-channel, conditions. 
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RRTEF DESCRIPTION OF THE DRAWINGS r ' : 

: Further features and advantages of the" pfeisent invention will become 
readily apparent trorn the following detailed description of a particularly preferred 
embodiment thereof, ln which:- 
5 Figure 1 shows a typical network deployment in which the method 

and system of the present invention may be used;' 

Figure 2 shows a ! signal frame stnictitte used m' ^ 

of the present invention; - ",,'""7,"/" 

Figure 3 shows the structure of a control oata sub-frame used in the 

10 present invention; . 

Figure 4 illustrates the structure of another signal sub-frame used in 

the present invention; 

Figure 5 demonstrates network operation without propagation delay 

compensation; ,. ( . ( 

! 5 Figure 6 demonstrates the operation of a signal propagation delay 

method and system. , .. r . . . .. ,. . 

Figure 7 illustrates the sequence of messages used in the signal 

propagation delay method and system; 

Figure 8 shows network terminal operation without baseband delay 

20 compensation; and 

Figure 9 fflustrates network terminal operation with baseband delay 

compensation. , ..... ,,..,,,! . ...... 

... DESCRIPTION OF THE PREFERRED EMBODIMENT 

A specific implementation of the present invention will now be 

25 ... described. . ■-. ... ... .... ... v..: ., .,. ..... 

The method and system of the present mvention are chiefly although 

not exclusively for use within a wireless Recess network deployed in a cellular 

configuration. Within the. present .particukriy preferred embodiment to be 

described herein, each cell' consists of a central access point and multiple 
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subscriber units. Subscriber units communicate to the network only through the 
. access points, ma^ijag the network a point-multi point architecture. The access 
■ Vf point is the .centre of all. wireless network cornmunication for the particular cell, 
and thus is the locus of control of access to. the wireless medium for the cell. A 
5 . , typical, network deployment of this, type is shown in Figure 1. 

Communication can occur on the : wireless medium in both 
.... directions, and hence a means of duplexing the wireless medium is required. Two 
common methods are frequency division duplexing (FDD) and time division 
duplexing (TDD). In the case of FDD, the medium is broken into a downstream 
10 (data originating from the access point) frequency band and an upstream frequency 
band (data originating at the subscriber unit). TDD breaks a single frequency band 
into downstream time slots and upstream time slots. The network to which the 
present invention is applied uses TDD. 

For the purpose of understanding the present invention, it is useful 
15 to view the network to which the invention is applied as consisting of multiple 
switches. On one end, corresponding to the access point, there is a switch with a 
/.single physical wired, data .port,, and multiple wireless data, ports,. Disbursed 
throughout the cell are two port switches, each located at a subscriber terminal. 
Each subscriber terminal has a single wireless port and a single physical wired 
20 port. 

In order to initiate communications over the network, a subscriber 
terminal must first register with an access point. During the registration process, 
a subscriber terminal negotiates with an access point to be assigned a temporary 
port identifier, reierresd to as "4 subscriber unit access identification (SU_AID). 
25 Once a subscriber terminal has Been granted an SU_AID, it is capable of 
proceeding with higher layer signalling to gain access to the network ihedium. 

Following re^tration, access of the subscriber terminals to the 
wireless medium is controlled through central control of the subscriber terminals 
by the access point. In order to achieve this the access point is provided with a 
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medium access controller. (MAC) which administers the medium: -control. 
Similarly, each remote subscriber terminal is also provided with a compatible 
medium access controller for responding to the central MAC in a master-slave 
manner:- the subscriber, terminals request access to , the medium and the access 

5 point has the ability, to grant; aqcess or fail, to grant access ^ased on the . current 
level of network utilisation: Access to the,net\yoiic is granted in.the form .of time 
slots — when* a subscriber terminal ,is ; . granted^ the ability : tp. acc ; ess r: the. wireless 
network medium, it is grafted ojieor mo£g.tro& slots, in which it. can transmit. 
Within the granted: time slot the entire medium capacity is available to the 

10 subscriber: node. to transmit its.paylpad data. By, referring to a medium access . 
controller, it is to.be understood that either a ; hardware or software based. control 
means is envisaged and that reference to a controller as such imphcitly; includes 
reference to those control means, required at- jbpth. the central access point and at 
the subscriber terminals. In this respect,/the medium access controller (MAC) 

15 therefore corresponds to those* network means* -whetherrhardware ;or software 
based, that would approximate to the Network4evel and the Data-level of the ISO 
Open- Systems Interconnection 7-layei^Refe^«c^ : Models -^As;^ an example, , a 
hardware based implementation of the MAC can be ^phieved usmg.a Field 
Programmable Gate Array (FPGA)! 

20 The MAC operates by controllmgjxansmissitfns on the medium by 

the definition of a MAC frame, being the firework in which data transmissions 
take place. In order to fully understand the various features and advantages of the 
present invention as applied to this. implementation, it is necessary to first describe 
the constituent parts of a MAC frame, followed by a description of the various 

25 data structures used in the MAC. This will be performed by reference to Figures 
2 through 4 

■ • . : t • r - : ■ -s^.Ol-vr*'. « f * ■• \ 

Figure 2 shows .the overall structure of a single MAC frame. The 
MAC frame consists of a downstream portion, generated b$ the access point and 
broadcast to all subscriber terminals, and an upstream portion, which consists of 
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a contention interv£d : ahd'alf data bursts being sent from subscriber terminals back 
to the access point' 0 ' 1 " * ' ■ **' : ■ - : ' !: - ;-•**:.*. ; 

The* dbWristream portion ''consists first W ^'downstream preamble 
*r (102). The preamble 'is a PhysicaHayer r sync^ of fixed length, 

5- used for frame acc^sitiori ; £fid bh^erestoation! , Only otie downstream preamble 
r * may' bccuir pe'r h^ f C^fir^e; ,1 Tlie poWer control ittetiibd'bf the present invention 
relies 1 dn 'the dO\<iistrekife pi^eamrtble for Measuring th£ reb&Ved signal strength of 
7^ K^£diafely foliowing the pre^bleis the . 

;;■* frarrie ; deScriptor : hfeader (FDfiDR) (f04). the FDHGDR; describes the complete 
10— contents of the remainder of ih£MA:C frame. The size* of the FDHDR may vary. 
: "The FDHDR contains a tfkp'of aHtriiffic, upstream and downstream, to occur 
' within the MA& frame. After 1 achieving bit synchronisation on the MAC frame via 
&he preamble^ subscribe* teriiiinals demoduIate : the' FDHDR and from that gain 
■complete ^knowledge of the trtfi5c ; that will occur within the remainder of the 
15 < ^ .ftame: Only one FDHDR may .occur per MAC fraine. The precise contents of the 
iFDHDR are shown 1 in, Figure 3 :and described in detail in Table 1 below. 

Fiifld fag | D&drifoion 



20 



SYNC 
BD_cnt 

BU_cnt 

APJD 

RRA cnt 



DA_cnt 



Short k syitfborsyiic burst 

Bursts Downstream Count. Number of subscriber units having 
payload data sent to them in this MAC frame - < 

Bursts Upstream Count. Number of subscriber units that will be 
sending payload data in this MAC frame. 
Access Point ID. Identifies the access point that originated the 
frame descriptor header. 

Reservation Request Acknowledgment Count. Number of 
acknowledgments being sent in response previous requests. 
Downstream Acknowledgment Count. Number of upstream cell 
acknowledgements being sent downstream in this MAC frame. 
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Field Tag . 


Description ^ . . 


Downstream 


Identifies the subscriber unit being sfent cells, the number of cells to 


Map 


1 be 1 seht, and -the traffic type being se'nt 


RR_cnt 


Reservation Request count ^Tota't'numbfer of reservation request 




slots that will be-made' available in Ws'MAC framS. ' 


UA_cnt 


Upstreain- Acknowledgment fcount T6fal : dumber of downstream 

i 




. cell acknowledgments being-sent* upstteaiti in this MAG frame. 


Upstream 


Identifies the subscriber units that have been granted reservations, 


Map 


; the number of cells tb be sent by'each, arid the traffic type allowed. 


CRC 


Cyclic Redundancy Check; Allows e&ch subscriber terminal to 




verify correct receipt of the frame descriptor. 


SUJD 


Subscriber Unit ID. Identifies the* subscriber iuiit actirig is the data 




source or sink in the bursts 


CelLCnt 


Cell Count. Total number of ATM Cells to be sent in this particular 




burst 


Trjype 


Traffic Type. Defines the type of traffic that the subscriber unit is 




allowed to send or will be receiving during the current frame. 



Table 1 •: Trame* Descriptor' Header' (TDITORV^fructoe ' 

Following the FDHDR is the reservation request acknowledgement 
(RRA) portion 106. The RRA acfaioivledge^ a 1 request by a subscriber for 
15 upstream time slots and caii also communicate signal propagation delay. There is 
k single RRA for each reservation request thai was made during the contention 
' inteml from die previous MAC frame, although in the case where no reservation 
requests were niade in the previous MAC frame, then no acknowledgements will 
be sent The precise contents of the RRA are shown in Figure 4 and described in 
20 detail in Table 2 below. 
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: Field Tag 


Description 




Sync 


, 8 jbit franiing .synchronization sequence . 




SU_ID 


ID of the subscriber unit that originated .the reservation request, and 
tav/hicb the^qspiyatioa request acknowledgment is directed. 




RTRN f : ;/ 


iRetumCod^ to SUs and SU_AID 




■ v • ■■.'■.it: 


status to ;SUs performing registration... 


5 ..... 


... DELAY ;l 

——'7, 


. Delay r coiTipe,asation bits. . These bits aire assigned during subscriber 
. unit reg^^atton^d.p^usea shift iii subscriber unit timing. 




- . CRC • / . , j; 

* * \ * .*,'. ' ■ . ■ 


Cyclic* Redundancy Code. Used by .the subscriber unit to verify that 
frajme tias been received: errorfiree. ; 



Table 2 : Reservation Request Acknowledgement (RRA) Structure 

The DELAY field is particularly pertinent to the method of 
10 propagation delay compensation, as described later. 

Following the RRA comes the Downstream t Acknowledgement 
(DACK) portion, 108 containing DACK cells. Each DACK cell contains a 
downstream ack or nack of a single upstream burst from a previous MAC frame. 
There is a single DACK cell for each upstream burst from the previous MAC 
15 frame, although in the event that there were no previous upstream, bursts then no 
,\ DACKs will be sent. 

•■;»■ ( Following the DACK portion comes the Downstream Burst (109). 

TheTMAC operates on a principle of cell bursts for conmuiucatmg payload data 
between the access point and the subscriber terminals by allowing multiple cells 
20 7. of data to be sent to or from a particular subscriber unit at a time. A burst must 
always consist of at least one cell In upstream bursts, this single cell must be an 
upstreiam .cell with reservation request, (UCELLR) (118). Additional cells in the 
upstream burst are "in the format of a UCELL - an upstream cell, without 
reservation request (120). Upstream cells are discussed in more detail later. 
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Downstream bursts can also consist of multiple cells, but there is only one type - 
the downstream cell (DCELL) 110. There can be man^DCELLs - either several 
... directed to a single subscriber terminal, or several directed to several subscriber 
terminals. Each DGELL contains one ATM'celf bf jpayload data. Currently the 
5 MAC allows bursts to have a ; maximurfi size bf six' cells! although more or less 
cells may:be designated per burst' if requixed in a: future m 
departing from the scdpte of the present invention: v ' J: -"' 

— - The downstream^burstt^^ 

by the access;point and received at air subscriber terminals" There then follows a 

10 slight delay, due to subscriber txiiriaround time (STT) Y12. The STT varies with 
distance to the farthest subscriber unit/ A 1 typifcal : maximum distance to a 
subscriber unit could be, for example, 5km*, although this obviously depends on 
.the network configuration and the size of each network cell. Minimisation of the 
STT will be discussed 1 later. ; ; o : i - . . - 

15 Following the STT comes the Upstream Portion of the MAC frame, 

being data transmitted from the subscriber units' - to the access point. The entire 
expected structure of the upstream pprtiqrihas already been 5 communicated to each 
and every subscriber terminal in the FDHDR transmitted in the downstream 
portion. Therefore, each subscriber terminal knows whether or not it is permitted 

20 to transmit in the upstream portion, what data it is to transmit, and when it is to 
transmit this data. In this way absolute control of the contents- of the upstream 
portion can be controlled t>y the access point. With such a mechanism, however, 
. it.becornes necessary to define a period in. which subscriber terminals can first 
communicate a request for transmission permission to the access point, without 

25 which no subsequent pennissicm would eyerbe gnmted. This.period forms the first 
part of tl^e upstreai^,^ 

portion 114. .... .... .: .., f , : r" ;.r ^ -■..*..' ^.;v^:r r^y.h- 

The. SRR is .a contention I; bas ; e^ If a 

subscriber terminal has been sitting id}e^yith empty .data quejues, the arrival of a 
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burst of data.on its j( physical .port- will force it to . request a time slot reservation 
. frorn the access pcnnt. Because the subscriber terminal i has no active reservations, 
■ T and because it is believed that.at t any : giy^time ,the,nui]Eiber. of terminals making 
, ^ . initial .band^j^ ^est^ vpU/b$> sm^ it \$ reasonable, to. force the subscriber 
5 tem^ kept as small as 

. , , possible while,sti|l allo^wg je^qnafte -success probability by employing a novel 
. implementation of alohft. pofltejntion^ control) schemes. J Once the subscriber 

tenpiftall? reserYatiorj, rcq^est.ha^ .been aQkftQiWledged by the access. point, the. 

^ subscriber tenninat cea^p? reqiiesting band?yidth : in/the contention slots, allowing 
10 :, : ?!*£F termi ^als access fo the contention interval;, The. numberof SRR's that may : 
, occur one. MAC fraipe,js .communicated to. the. - subscriber terminals in the 
FPHE)R. Multiple -si pis $an be made available during times of heavy request 
j ; ^ af ? c \ Furthermore, the start of the contention interval can be calculated by the 
, subscriber terminals by virtue of the FDHDR indicating to each terminal the 
15 ^; num,3er of "'.^^'i P A Q>4 .a&d the structure of thje downstream, burst in the 
: ■ ' \;^^5eqi^t,do^TOtreOT : pq^QP of tji<e MAC frame. The contention interval then 
; , : r . begins iinmediatel>{ after ; the t gp&of the downstream burst, allowing for the STT. 

,,\ . ^Rowing u the .pontentipn interval comes the upstream 
acknowledgement portion 11,6, containing upstream iacknowledgetnent (UACK) 
20 ^^cells, of each.downstream burst; received during the: downstream portion. Each 
* ^UACK indicates upstream ^dew nack of a single downstream burst from a 
previous MAG frame-. A^mkiy iUACKs may be transmitted in each upstream 
■•■y*i- acknowledgement porti ortaisitherfeJwefce downstream bursts in the downstream 

25 FoIiowiriig^tK^ lipstream acknowledgement the 
•^upstream burst portion 122; - dcmtairifng deil biifsts from subscriber units which 
were granted permission .in the FDHDR to transmit payload data to 'the access 
- -point Tlie-FI»n)R^6ia c t£B dc^stfeata pbftioh contara the instructions to the 
^ 1 subscriber terinih^ tipstteam burst portion, and 
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what the burst is expected to contain. Each upstream burst contains one or more 
data cells with. the same traffic type being sent :: from a particular subscriber 
terminal/Each upstream burst made in the upstream 1 burst portion may be from a 
different subscriber unit,' or alternatively* may 'be from the skhie subscriber unit, 
5 depending upon' the channel aQdcatibns grarited tiorthe subscriber units: lit this way 
channel allocations 1 ban bfe dynamically assignee! between the 'subscriber terminals 
from MAC fraine ; to MAC frame; depending ori' the network ti^ffic loading and the 

traffic .priority.: As;mentionedi - 

upstream Cell with reservation" request (UCELLR) 1 18, and' zero or more upstream 

10 cells without reservation request (UCELL) 120/The conditiori that a burst must 
contain a UCELLR allows at subscriber terminal to maintain' its channel 
reservation until all of its payloadiiata has'been sent/ thus' meaning that the 
subscriber terminal need not transmit again dtlrikg* the contention interval to 
request channel allocation' to transmit the remainder of its data 1 . This combination 

15 of the reservation maintenande request and the upstream cell into one message 
allows a single downstream acknowledgement to serve as both reservation 

* maintenance request ac^ thus 
improving bandwidth efficiency. 

■" ' ■ Having described the full contents of the MAC frame, the open-loop 
20 transmission power control method and system of the present invention will now 
be more fully described. ! 

f As stated 1 before; the- synb burst of the MAC frame (the 
PREAMBLE) is used for open loop powet 66ntfoL The network terminal measures 
the total energy of the downstream' burst, then iises it as an index intb a ldok-up 
25 table :-of transmit power attenuiitor settinjgsV The indexed v the look-up table 

• is selected; and the transmitted -powet'ls >^enuiated : ; the 
. : transmission cfrcuitry:^ the 

. received signal strength of the upstream butSfe, aiS Seen%y : thb ^ccesi ^oiiit, match 
■ to within" 3 dB of the received" signal strength of the idownstreain ^bufsts as Seen at 
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the subscriber terminal. When the subscriber/terminal-is not actively transmitting, 
it is searching the channel for the downstream synchronization burst of the MAC 
. frame. Therefore the subscriber terminal is ; cpnstantly monitoring the channel and 
,,.thus is ( always. able tp : team as the 

.. downstream bursts opaii;,£a$1£r ; than the fading rate of the. channel power control 
^zy .bz .performed pKt.gyyufjfoto. track .dynamip fading channel conditions. 
: Becai^se,tfus scheme ju?e^a ; ^imglQ look-up tabte, it is easy to implement in a high 
speed network, .and provides, the numerous. advantages listed earlier. . 
: . „ ^Mprrepye?, the v use of th$ simp le t . look-up. table within the present 
; invention presents a number of further important,adyantages. More particularly, 
: often the; circuit elements jjsed to,.control transmit.power are not linear, and have 
an unkpown power change relative tfie applied control voltage. Use of the look- 
,up table allows us to achieve, nearly linear power control over the operational 
, . -range .of the power control device. This is done by learning the contents of the 
.values required to be stored in the 16ok-MR table , during a calibration period. This 
|lso reduces the impltpentation ppinplexity, f since no complicated calculations or 
, Iineari^ of the 

subscriber terminal or base station. 

- A method andsystem for qoqipensating.for signal propagation delay 

between network no^es will now be described, which can be; integrated with the 
method and system of the present invention. 

.... distribution qf .subscriber terminals throughout the cell can 
pause th^t f ^lready discussed above. .The problem arises due 

t^ ; the fact tjhatas tennipals jp&y.be located anywhere within the coverage area of 
,, 4 .the cell,, upstream bursjts.^ offset by an unjenown amount 

; : .of.time^dj^^f^yg^ tfre#cc$ss ppijit , at munlmown signal power level. In this 
. ; situation^ <i guard time, equal to^co- the ^a?dtnum propagation time over ;the cell 
]:: radius must sq?arate#a^ c ^ the network has no knowledge from where 

J:0 in spae^eacb.b^ illustrated further with 
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reference to Figures 1 and 5 - . : • - - 

^ . ■ Within Figure 1, a central access point 2 provides access to a wide 
area network (not shown) for a number of subscriber, terminals 4. The subscriber 
, . terminals may be scattered throughout the access point cell coverage area. The cell 
5 coverage, area, may further be. split;into sectors ^ 3 r-and 5 wherein each ^sector is 
covered by a different frequency. Now consider;6ne sector containing subscriber 
terminals 6, 8, and 10, each respectively further from the access point than' the last. 
With reference to Figure .5, it is apparent that each .particular upstream burst slot 
.20 must have, allotted ; an amount of time corresponding to.the\sum of a guard time 
10 21 and a : burst time 23 . The £rst upstrfeam burst: slot 20 follows immediately fronr 
the downstream burst 25 f: allowing for RF turnaround time-27. As the access point 
does not know how far away the terminal which has been allotted that particular 
upstream burst slot is. the guard time must be provided to callow for the maximum 
signal propagation : delay across, the cell. For example, if burst slot 20 has been 
15 allotted to terminal 6, then the burst 14 fit>m terfiiinal 6 begins to Arrive only a 
little after the start of the guard time as showft by the arrow 302. However, if the 
; burst slot 20 is allotted to terminal 10, then the^signal propagatioh delay from 
terminal 10 to* the access point causes flie'upsfrfcain burst 18 front terminal 10 to 
begin to arrive at the end'of the giiard time, as shown by the arrow 304. Where the 
20 subsequent burst slot is then allotted to a different' terminal (e.g. tenfiinal 6), there ' 
is the possibility that signals from the first burst slot (i.e. frbin terminal 10) and the 
- subsequent burst slot (i.e. ' froih terminal 6) could arrive at the access point 
: concurrendy, thus corrupting each signal. In bnferto avoid this, guard times (22) 
must be provided 'between burst/This clearly reduces overall transmission 
25 1 ; efficiency, as a significant portion of each upstream burst slot must be vacant. 

The method and system to be described overcomes this problem by 
providing i method and system which compensates for the differences in signal 
propagation delay by causing each subscriber terminal to ^artificially simulate 
being at the same distance from the access' point as every other subscriber 



WO.00/59130 



17 



PCT/CBOO/01054 



terminal. This eliminates the need for guard times between eaLch subsequent slot, 
as the, propagation.delays> are simply forced to be the same for every subsequent 
transmission; ia, this; mariner, only oneguard time ^required' at the start of the 
very first upstream .burst slot to allow for the veiy first propagation delay. 
5 • , • Subsequent burst sldts then do not require !guard times as the delay is always the 
same;. 'The -removal: of* Jtha Requirement for guard times means that channel 
. • efficiency- is -improved; <;vWt v: t r.-.i. . v ; : v.:- 
' , r 1 : ' TA te methd dBand s ystem - have the 'advantage- that time delay 
compensation is achieved without using' any additional J hfetwork bandwidth. The 
10 .-•>..* controlioop ! 4s also -open; and as 1 such* has no unwanted dynamics or transients. 
. t : . : ■ There, is =a further advantage in that the method of time delay 
.■■•'*; compensation maximizes: the: network's bandwidth efficiency, since the guard 

primes between upstream bursts can be eliminated. • 
. :. 7xv, Figure .7,, illustrates the sequence of messages passed between the 

1 5 X;: access point (70);and a particular subscriber tenhinal (72) during network terminal 
: ^ registration,, wW^ control and delay 

M J r ,sQQipp.ens^ oil -the jtime axis refer to 

periods, during :svhich a downstream buret is being broadcast from the Access 
Point. At, the front of the. downstream j)prtion of , the MAG frame is the frame 
20 synchronization burst (the . PREAMBLE). The access point transmits the 
downs tream^rtjon: (7,1) of the MAC frame periodically,, even when there is no 
traffic to be sent within the network. When the network terminal is first powered 
on, it ; searches ,for this b ( iirst The subscriber terminal. uses. the. preamble of the 
downstream burst to ^ s^chro^se with the .bx^st, and thep receives and de- 
25 modulates the FDHDR to locate the upstream contention interval. The method of 
open-loop power control of Ae ppsent inventipa is then performed, to ensure that 

all subsequent signals are transmitted back to the access point at a suitable power 

i; *nr i<b} l> :\S> ' •■ I r'NV^i^K'r'- . \r r . •■ . .«;■., r 

level sq as not to saturate the access point's receiver, nor at such a low power level 
that the bit error rate is unacceptable. Following power control, the terminal 
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transmits back a bandwidth reservation request (73) for network bandwidth within 
the contention window of the upstream portion of the current frame. 

" ; •This*'firsVresei^tiWTcfq&ftst 73 tfahsniitted 'by the subscriber 
terminal will be' compensated in power leWl but uncompensated in time delay. 
5 The access ; point MAC starts a countdown tin^ of the contention 

interval, whose pfrqpbse' is to measure the ainbiirit of com{3eri$atidn needed by any 
subscriber terminal thai may trbisnut within ^ the contention interval" When the 

_subscriber_termirid!s^ 

directly fronrihe 1 countdown' tiihBr : and plafced irr the DELAY field of the 
1 0 reservation request acknowledgement 75 sent' back to the terminal. ' ! 
The fernimdl receives^ 
DELAY field. The terminal then continues to monitor the downstream bursts (71). 
Some time later, the access point: sends the 1 terminal a reservation grant (77) by 
including the -terminal's SU_AID in" the upstf eain 'tnirst mip of 1 the FDHDR. The 
1 5 terminal therefore now knows ifiat it is permitted i6 transmit in the upstreaih burst 
of the present MAC frame. HoweVer, when tidtng' so the subscriber terminal now 
delays its transmission by^the measured value preftbus^ to it in the 

DELAY field; so that the burst arrives ^at thevaiceess point aligned in time With 
- other upstream bursts. Figure 6 'iUustrates tibw"the various delays achieve time 
20 alignment: /'''<•" ; 1 ^ 

With reference to -Figure - 6, it will be seen that following a 
downstream burst 25 and RF turnaround tuiie 27, a first time : slot 26 is defined 
which consists of a single guard time : 2 ; i and a iipstrfeanTburst slot 23. A second 
f upstream burst slot 24 then immediately f&Uows-the sibt 23, vttth no guard time 
25 : in-between. In order for reispective iipsttfe'aWi'biirsts 12 and 18 from subscriber 
; terminals^ and 10 (c.f.-figure 1) taanive^at^the alccdss point in consecutive time 
aUgnihent with.the allotted upstream biir*st Slots, each subscriber terminal must 
apply a isingie delay to Ite tratisnuss^ 

delay value. An example with reference to Figure 6 will make this clearer;* 
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. In Figure 6, assume that the termmal 6 has beep located the first 
upstream burst slot 23, and terminal 1.0 has been allocated the, second upstream 
burst slot 24. As terminal 6 is relatively close to the accesjs point, the propagation 
. . delay from, the^errninal to the .acpess pc(i$ is sm^^^ence a. large delay 62 is 
5 , appliefl before r trjmsmissiop to clause the. ifp$team burs^ J2, to,arrive at the access 
^? l ^ t ^ t r}^P ^ r 9 f .(bp .? 1 .^nd hence in^e r ^lignment with the first 

: . burst^slot 23.. ^thje first bitfst ha^b^eep, assigned. to terminal 8, then a 

$maljer delay^.^ as the terminal 8 is 

}i , farther froi^the, access poi^t.thaii terminal 6„, If : fh$ firsfc burst slot 23 had been 
10 assigned to thp terminal 1Q located t near : the cell, edge 2% ttien.no. delay would be 
s ., , , applied, as the propagation, jfteisgr from, terminal 10 £9. the AP is equal to the guard 
• :■ 21. . . . . .,. vr . t . . 

. . , - r .. . N° w consider the upstream burst 18 from terminal 10, which has 
...been allocated the secqn^ upstreagi burst slot 24. Terminal 10 must transmit the 
l5 n: h P^ TSt at *W appropii^te t tq7ie ^to arrive at the AP precisely after the upstream 
; ;. r ; ^^st JZhas am recalling that each terminal in the 

; . ,net^^ upste.am.eeU bursts to be transmitted from 

= r , . every other tpnrtjnal in the cell during the present MAC frame, terminal 10 will , 
, . toow the duratipn of the preceding; burst slot 23 for terminal ^, and hence will be 
20 able to transmit its own upstream burst 1 8 at the appropriate time to arrive at the 
, ; AP at the start of the slot 24. , As, terminal 10 is on the cell edge, it does not apply 
; : any delay pricf to pleasuring the preceding -slot 23 and trans^nitting its . own burst 
1 ? tQ: arrive ^,time-*atijg^ Jf,< for example, ^ terminal 8 , had been 

.allocated slpt.24, lhen.tjie ( xteky;64 would, have, been ^ apphed before starting to 
25 r; . rr^iu^^ burst 14. 

. S ( imilarly, tercqinal 6. \yould ; ap^ly jthe delay 62 in the same manner, In this way 
, f . ,pteqise,timf ( ^g^ent can b^ ; |cfeeyed frpm hijrst tpJburst, whilst aUpwijig for the 
. . ^. ^di^ece^9$^?ui : .si^ai;^prpp^^l^£(n. 4elay . ^etw:een each tejnoDunal.aad.^he.access 
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It will thus he apparent that only -one delay need be applied per 
MAC frame for each subsequent ^stream* burst in* th<3> upstream portion of the 
present MAC frame to arrive at the AP in time-alignment with their respective 
. allocated slots. The respective' delays for each termkal'niust always be applied at 
5 the very start of each overall upstream burst portion 122 (c.f Figure 2) in each 
MAC frame. ; " 1 : « * r-'-hsa lin*t . : ■ . 

The delay compensation scheme as -described fiereiri presents very 
■ little network : overhead. $wc£ 'the network tefrri ^aPm u^t pass Jh6 J)^dwidth_ 
request to the network tenhiiiaLl inyWayV^ is 
10 implemented using very little additional bandwidth. 1 ttie oily additional bandwidth 
required is the DELAY field of the resdrVation request acknowledgement 
downstream burst. 1 : ' f - . ,: ! <" < \ },: ■■ :t ! r 

A method arid system for conipfensiting ifor baseband delay in any 
of the network nodes will how be described. This itiedibd and system may be used 
15 in combination with either or both of the alidVe described methods aiid systems. 

Channel utilisatioh can ! be imprtfvfcdby reducing the turharbunid time 
between receipt of a signal at a network terminal and subsequent trarismissibn of 
. . a second signal from the terminal; The 'turnaround time is dominated by the 
» propagation of time , of baseband signals through the transmit paffi of the network 
20 terminal's modem. By using a bi-directional ' signal path within the modem then 
; turnaround time can be minimised. " : • -. , - v : - 

* Figure 8 shows the time sequence of bursts ift a ^tfetwoTk terminal 
that does not use baseband delay compensation^ Here the downstream burst (8 0) 
is received at the antenna and takes some; ltime.i propagating ^through' the RF 
25 , . ■ hardware before arriving at the. modem. This is> the source of delay 1 © 1 ; Then the 
, : signal; is processed by the modem (S^ycwbjLch; is.the source ;of .delay D2. :When the 
. symbols appear, .at assehible& an upstream 

. burst,(86). This MAC processing t^^is : ^»37Spurjae ,«f jdfefayfDSi Oxic6{Ch& symbols 
. . . comprisjwg the upstream.burs.t;have beenrastsembied, they are' passed through the 
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transmit path of the^modem (88), which is the source of delay D4. Finally, there 
is propagation time through the transmitRF path. (90), which is the source of delay 

: The metho.d : pffeaseband delay compensation described herein is as 

5 . follows.. ... - ' i ;f :r. ; v . '■:..=■.: ' 

As mentioned earlier, the downstream portion of , the MAC frame 
include? the . fra^e^scriptpr header, which ^describes completely the contents of 

vv^.r e ^ e . ^^^;.^^iP9 t ^ ork .te™ 1 "^ that demodulates the frame. map 
( knows ^here : and t when in the ; upstream burstit must transmit its burst, As such, 
10 it is possible fox each network tenmjptal .to prepare its upstream bursts in advance 
of the time at which they are. to go-over the air. . - . : 

. Signal propagation time through the transmit portion of the modem 
is dpmpi^ted by delay through the FIR puke shaping filter. By using a separate 
, .transmit and receive path,through the network, terminal . modem and sending the 
15 transmit symbols through the modem , early, it is possible to have filtered baseband 
^signal present . at the RF. modulator input precisely at the time the transmitter has 
-...-stabilized.,. ' . : ' 

, /^./igure .9 demonstrates* 1he< operation 
, such compensation. The jame- reference numerak as in Figure 8 are used to 
20 , demonstrate the order and timingjn which- the identical operations of Figure 8 are 
performed using the present method of baseband compensation. With reference 
. to>Figure 9^.thQ^pstream burstis assembled (86) before the complete downstream 
bursthas arriwd^attheiMAC (84); This is possible because the network terminal 
has receiveda<Jrame descriptoriheader, which has informed the network terminal 
25 : . f ;■. far in advance?ex^tiy. what^ttansMt and when^ The; network tenriinal starts the 
;r upstream birat*throuj^:the:^^ chain far enough in advanbe sb that 

v. it passes through the RF pQrti6n (90) of theterminal jtist atthe time the RF portion 
..vrhas.stabilized invs^tehiitg fram^reeeive to : tr^mit operation:' : This : iliows the 
j network terminal to operate With the rhmitouift tufn equal 
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to the receive-to-transmit switching time of the RF portion. j 
The method and system of the present invention may be integrally i 
used with , either or. both of .the above, described, .methods of baseband delay 
compensation or signal propagation delay.c^mpeAsation. 
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CLAIMS : ' - - ' • • ' ' ' • ' 

1. ■ ' A method of trMSritissioir power control ! for use in a data 
communications network comprising a central control nocfe and' at least one remote 
5 subscriber node, said method comprising the steps of> 

a) transmitting a first signal from the central control node to the 
remote subscriber node; 

b)__ measuring a re^^ 

at the remote subscriber, node; and 
1 0 c) setting a transmit power level of the remote subscriber node 

in response to the received power level; 

wherein the transmit power level of the remote subscriber node is 
set before the remote subscriber node has transmitted any signals onto the 
network, whereby said method is an open-loop method. 

15 

2. A method according to claim 1 wherein the steps a), b) and c) are 

continuously repeated in order, whereby the transmit power level of the remote 
subscriber node may be continuously controlled. 

20 3. A method according to either of claims 1 or 2, wherein the first 

signal contains a known data sequence, and the measuring step b) measures the 
received power level of the known data sequence. 

4. A method according to claims 1, 2 or 3, wherein the setting step c), 

25 further comprises the steps of> 

a) using the received power level as an index into a look-up 
table of transmit power attenuator values; 

b) selecting the indexed attenuation value; and 

c) attenuating the transmit power level by the selected 
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attenuation value. . . , . 

5 - ... A ^thod accordixig-rtp elaim.,4/ wherein, the transmit power is 
attenuated at the attenuating step*.c^;s.uch : thafcth^txansmit power is of such a level 
whereby a life of a battery powering the remote subscriber node is maximised 
whilst simultaneously : ensuring .that data*:jfoay; fee-; transmitted by the rfemote 
subscriber node.witfc. at .leasts certain bit ; error-rate.' , x^v - ,<.)>-■ i= ;. 

' * ' ■ , . . ' W. : ■. " '* '^ u x: Mr X.>: .T* ' '■'■'■^X'--- - : ' •*■ X 

6. A method according to any of the preceding claims- wherein the 

network is a wireless network. 

7- A . method- according to any of the. preceding claims wherein data 

. traffic on the network is regulated per unit time frame by the central control node. 

8. A method according to any of the preceding claims in combination 
with a method of compensating for signal propagation delay* between' network 

--.nodes. • •■ o~ ■■ • • r ■ ■•- v- ■ -.. ,■ 

9. . ; , A method according>to any of the preceding claims in combination 
with a method of baseband delay compensation. ' . 

10. A system for controlling transmit power levels for use in a data 
communications network comprising a central control node and at least one remote 

. : . subscriber node, said system comprising:-rr 

x , a) transmission means for- transmitting a &st signal froiii said 
central control node tp-said remote subscriber,nojie;i; - ' ;t . 

; . b) . ; . • • measurement : means fcr.measuring- a received power level of 
the first signal received at the remote! subscriber. node ; : ahdv :x- v .*<];•■• 

c) setting means for setting a transmit power level of the remote 
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subscriber node in response to the received power level; ■ s " 

wherein the setting means set the transmit power level of the remote 
subscriber node before the remote subscriber node has' transmitted any signal onto 
the network^wherebysaid system is an ^peir-loop-system' 1 : ; • 

H. system -according to claim 10, wherein the ; transmission means, 

measurement means and setting means each doritmuously 'repeat their operations 

in order, whereby the transmit power level of the remote subscriber node may be 

continuously-controlled;! ^v"'.- : : : • ■ ri 

10 ' ; ., V 

12. A system according to claims 10 or 11, wherein the first signal 

contains a knoWn .data sequence and the measurement means measure the received 
power level of the known data.sequence. 

15 iTi - 13. . . : ^ ; A system according to claims 10, 11 or .42, wherein the setting 
.: - : me^.:fiirther . r ' ■ r. 

a) indexing means for using the received power level as an index 
into a look-up table of transmit power attenuator values; 
, ... b) selectionmeans for selecting the indexed power attenuator 

20 value from the look-up table;? and 

d) attenuation means for attenuating the transmit power level by 
the selected attenuation value;; . m. ^ 

14. <A system according to claim 13, wherein the attenuation means 

25 attenuate the -transmit ..power' such that. the transmit power is of such a level 
whereby a liffe of a batteiy^poweringUhe remote subscriber node is maximised 
: whilst , sinmltainew may be transmitted by the remote 

subscriber node \*dth^ leasts * * r • 
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15. A system according to any of claims 10 to 14, wherein the network 
is a wireless network. 

16. A system according to any of claims 10 to 15, wherein data traffic 
5 on the network is regulated per unit time frame by the central control node. 

17. A system according to any of claims 10 to 16 in combination with 
a system for compensating for signal propagation delay between network nodes. 

10 18. A system according to any of claims 10 to 17, in combination with 

a system for compensating for baseband delay. 
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